Liposome dependent delivery of S-adenosyl methionine to cells by liposomes: a potential treatment for liver disease.
The present study demonstrates that the nutritional supplement S-adenosyl methionine (SAMe), the primary methyl donor in mammalian cells, is delivered selectively to cells by anionic liposomes, and is, therefore, a liposome dependent drug. Contrary to our expectations, free SAMe chloride was growth inhibitory in cultured cells. The growth inhibitory potency of SAMe chloride in anionic liposomes composed of distearoylphosphatidylglycerol/cholesterol 2:1 was fivefold greater than that of free SAMe. Neutral liposomes composed of distearoylphosphatidylcholine and cholesterol did not increase the potency of the drug. An improved anionic liposome SAMe formulation was produced by use of the 1,4-butanedisulfonate salt (SD4), adding a metal chelator (EDTA), and lowering the buffer pH from pH 7.0 to pH 4.0. This formulation was 15-fold more potent than free SD4, and was active after more than 28 days at 4 degrees C. SAMe and its potential degradation products were screened for toxicity. Formaldehyde was determined to have potency similar to that of free SAMe chloride in CV1-P cells, suggesting that the growth inhibitory effects of SAMe may partly arise from the formation of formaldehyde. The cytotoxic effects of formaldehyde and the less stable forms of SAMe, (SAMe chloride and SAMe tosylate) were decreased in the presence of 3 mM GSH (IC(50) approximately 0.44 mM). The cytotoxic effects of SD4 were not reduced by GSH, suggesting that this more stable form of SAMe is not toxic through the production of formaldehyde. SD4 in anionic DSPG liposomes stimulated murine IL-6 production in RAW 264 cells at concentrations 25- to 30-fold lower than free drug. This increase in potency for IL-6 production was in keeping with the increase in potency observed in our growth inhibition experiments. These results suggest that SD4 in liposomes may be a potential treatment for acute or chronic liver failure.